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Abstract: The features of water economy in ostriches were investigated. Twenty-two sixty-
day ostriches were divided into three groups, according to the different drinking regimes 
applied. During 40 hours, the first group was given drinking water ad libitum, the second 
group was offered drinking water in proportion 1:1 in relation to the granulated fodder and 
the third group was deprived of drinking water. The volume, osmolality, urea, uric acid, 
creatinine, sodium, chloride, potassium and calcium were measured in the urine. The same 
experimental pattern was repeated at 120-days of age of the animals. There was highly 
significant influence of the different drinking regimes on studied parameters. As well as their 
micturation is separate, it attains a particular significance as a criterion for both a state of 
health of the animal, and conformity with the nature of used technologies. It was therefore 
concluded that parameters from both the quantitative and qualitative analyses could be used 
as a guideline to monitor the health status of domestic ostriches. 
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INTRODUCTION 
 
Our knowledge about the ostriches is too limited and fragmentary, even in 
carefully studied problems in another species. Ostriches differ from other birds in 
that they excreted urine separately from the faeces. The urine of the healthy fully 
hydrated ostrich is a clear colourless or whitey fluid. The kidneys have the ability to 
concentrate very well the urine and under limited watering, they are able to 
compensate their water losses by evaporation and faeces. 
Like the other birds (Scott et al., 1982), the organism of the ostrich satisfies 
its needs of water by drinking and by the water in the food (Reiner (1995) marks that 
in the nature ostrich prefers those parts of the plants, which are rich in water; along 
this line Osterhoff (1979) gives some recommendations about the domestic ostrich 
nutrition) and by the water occurring as an endproduct of the oxidation of the 
carbohydrates, fats and proteins. In the wild nature, the ostrich inhabits dry, open-air 
landscapes (Cramp et al., 1986) and during the evolution has built up a unique 
system for water economy (Van-Niekerk, 1996). The newly hatched ostrich 
chickens have a severe oedema in the neck, body and legs (Hansets, 2001)  an 
evident contrivance to the indicated conditions. It is pointed out the importance of 
the salt glands (Reiner, 1995)  an organ, which takes a special place in birds’ saline 
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secretion (Maina, 1996), whose role is firstly proved by Fänge and Schmidt-Nielsen 
(1958). Gray and Brown (1995) however studied the salt glands activity of ten 
ostriches (five of that adapted to the fresh and five  to the salty water) and had 
doubts about their meaning for the normal osmotic pressure support in the blood 
plasma for this species. After a hyperosmotic infusion in only two of the animals 
(from the adapted to the salty water group) had been observed a secretion of 
insignificant quantity of fluid for about 5-10 minutes. However Schmidt-Nielsen 
(1964) hold up the thesis that exactly due to the salt glands activity, the ostriches 
may drink even salty water. 
Withers (1983) fixed that in general ostriches water economy resembles this 
of the other large inhabitants of the arid areas (antelopes, camels) with some 
differences in the water losses distributions  compared with mammals (with a 
similar mass) ostrich evaporates less and loses more with the faeces and the urine. 
Williams et al. (1993) estimated that the water economy of the ostrich is quite frugal 
in comparison with the other nonpasserine birds (i.e. besides order Passeriformes)  
they fixed that the ostriches keep water as well as the small desert birds (by 
comparison with four species desert birds). According to the authors during the one-
week observation, the consumption of the water of wild ostriches was 0 ml/d for the 
adults (88.25 kg) and 729 ml/d for the subadults (50.75 kg). 
Degen et al. (1991) investigated in details different aspects of the water 
economy in 10 ostriches (4 males and 6 females) from 35 to 350 days old (for the 
reasons of health 126 days old male and female were wasted). Percentage contents 
of water in the body progressively decreased from 83.9% to 57.2%, water influx per 
unit body mass  from 0.208 ml/g to 0.046 ml/g and water drunk per unit body mass 
 from 0.171 ml/g to 0.036 ml/g in the analysis period (to the end of the 
investigation ostriches are almost one hundred kilogrammes). There are some 
interesting changes in the interrelation between water drunk and dry-matter intake: 
from 2.25 ml/g in the beginning it is raising to 2.64 ml/g (for 70-98 days period), 
decreasing to 2.14 ml/g (98-126 days), increasing again to 2.55 ml/g, then 
diminishing once more to reach up 1.79 at the end of the examination period. 
Cloudsley-Thompson and Mohamed (1967) deprived of water half-grown 
ostriches (about 13 kg) for 9 days at that they lose 25% of their mass (the lethal 
point was evidently about 34%) and then they take at once a quantity of water 
reaching to 96% of loss weight. During the dehydration the consumption of food 
decreased nearly twice and faeces’ water content – with 22.4%. Cloacal temperature 
ranged between 37.7° and 40.0°C in control birds and between 38.8° and 41.0°C in 
dehydrated ones. When fresh water is not available, ostriches can drink salty one, 
concentrate to 0.2 molar sodium chloride solution (more high concentration 
provokes lose of weight). On the basis of their observations authors concluded that 
ostriches can survive dehydration to a greater extent than can gazelles and more 
closely resemble the camels in this respect. Levy et al. (1990) also deprived of water 
young ostriches (sixteen, between 4 and 6 months of age and weighed between 9 
and 18 kg) and fixed that in two days copious colourless urine changed to a thick 
white mass and after the third day urinating stops at all. The osmolality of both 
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plasma and urine increased from 284±12 to 324±6 mosm/kg and 62±8 to 581±96 
mosm/kg respectively during a 48-h period of water deprivation. One hour after 
rehydration the osmolalities of both plasma and urine declined to almost normal 
levels. Investigating the blood and the urine the authors proved a remarkable 
mechanism for concentration of the urine in the kidneys, at that they excrete even 
urates; according to them the white urine may be a disease symptom. 
Investigations of the composition of ostrich urine are very limited (Mushi et 
all., 2001) and mainly of adult animals (Schütte, 1973). In mentioned study of Levy 
et al. (1990) the following variables were measured in the urine: creatinine, urea, 
urea acid, sodium, chloride, potassium and calcium. 
AIM - The aim of this study was to determine the effect of different drinking 
regimes of young ostriches (at age of 60 and 120 days) on some characterizing the 
water economy parameters. 
 
MATERIAL AND METHOD 
 
The research was carried out on an ostrich farm in the village of Hairedin, in 
the Vratsa region, Bulgaria, during the autumn of 2008, and included twenty-two 
ostriches (five males and seventeen females) of the same origin. All the ostrich 
chicks were marked by means of numbered leg tags. The chicks were kept in mixed 
groups and raised under identical conditions. The birds were housed until sixty days 
of age in premises of measurements 12/2/1.7 m, effectively safeguarded against 
rodents and small predators, with a yard of measurements 20/20 m, in which there 
was a shelter of measurements 20/5/2 m; and after that they were housed in premises 
of measurements 9.2/7.2/2.5 m, with a 56/21 m yard and a 10.2/7.4/3 m shelter. The 
premises were equipped with underfloor heating and overhead heat sources as well 
as with forced ventilation. The walls were of asbestos cement, the floor – concrete, 
covered for the most part with wood material. During the first month of their life, 
the ostrich chicks did not at all set foot on the concrete. The floor was initially 
covered with cotton cloth and after that – with rubber material besides wood. The 
room temperature was initially 34°C and was decreased by 0.2°C every day until the 
age of forty-five days, and after that was regulated depending on the climatic 
conditions and the behaviour of the birds. It was closely watched that the room 
temperature would not fall below 6°C during sleep. Artificial lighting was turned on 
all day long, with the exception of the time when the ostriches were taken out for a 
walk. Access to the yards was given depending on the climatic conditions but at 
least three times a day for an hour, starting at the age of two weeks. Constant control 
was maintained of the presence of incidental objects which might be swallowed up 
by the birds and the fences were made in such a way and of materials which strongly 
diminished the probability of traumatic injuries from bumping up against them. 
Once a day, when the birds were out walking, the premises were cleaned up and 
disinfected. Feeding consisted of granulated compounded fodder (diameter 4 mm) 
with cut up alfalfa, nettle, pumpkins, beetroot, and carrots added. 
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At the age of sixty days the ostriches were divided into three groups, 
according to the different drinking regimes applied. During two nights and one day 
(40 hours), the first group (two males and six females) was given drinking water ad 
libitum, the second group (also two males and six females) was offered drinking 
water in proportion 1:1 in relation to the granulated fodder (the last pouring of water 
being done three hours before the final gathering of the birds in the premises) and 
the third group (one male and five females) was deprived of drinking water. Urine 
production was collected using specially constructed measuring flasks throughout 
four hours at the end of the mentioned forty hours of the examination. The volume, 
osmolality, urea, uric acid, creatinine, sodium, chloride, potassium and calcium were 
measured in the urine. The same experimental pattern was repeated at 120-days of 
age of the animals. 
Statistical analysis of the results obtained was accomplished by means of 
Statgraphics Plus Version 7.0 of the Statistical Graphics Corporation (and 
Manugistics Inc.) (1993). 
 
RESULTS AND DISCUSSION 
 
The obtained results of the measured parameters are presented in Table 1. 
Table 1 
Measured urine parameters in domestic ostriches (average ± standard deviation) 
Group Parameters Age 
(days) I II III 
F-ratio Significance 
level 
60 258 ± 22.7 195 ± 11.7 40 ± 3.2 99.966 0.0000 Volume 
(ml) 120 380 ± 29.8 301 ± 18.0 42 ± 5.6 89.273 0.0000 
60 81 ± 7.7 86 ± 9.6 445 ± 60.0 1137.43 0.0000 Osmolality 
(mosm/kg) 120 79 ± 9.6 89 ± 6.0 498 ± 78.3 3312.88 0.0000 
60 14.1 ±1.46 11.1 ±1.35 8.1 ± 0.95 17.238 0.0001 Urea 
(mmol/l) 120 15.7 ±2.01 13.8 ±1.09 8.9 ± 1.96 13.493 0.0002 
60 9.3 ± 2.20 9.8 ± 2.72 39.8 ±3.10 98.331 0.0000 Uric acid 
(mmol/l) 120 8.9 ± 2.29 8.9 ± 1.90 48.0 ±3.82 92.724 0.0000 
60 153 ± 50.5 190 ± 59.7 901 ±128.6 1095.77 0.0000 Creatinine 
(µmol/l) 120 158 ± 53.2 195 ± 62.0 918 ±158.1 1205.16 0.0000 
60 19.2 ±4.02 24.8 ±4.81 34.9 ± 5.42 65.987 0.0000 Sodium 
(mmol/l) 120 17.2 ±3.08 19.8 ±3.73 31.9 ± 5.05 67.766 0.0000 
60 25.8 ±5.73 27.8 ±6.03 43.9 ± 7.05 26.258 0.0000 Chloride 
(mmol/l) 120 26.0 ±6.09 27.2 ±5.22 42.0 ± 6.00 31.122 0.0000 
60 18.8 ±5.09 19.9 ±7.40 86.3± 17.06 207.280 0.0000 Potassium 
(mmol/l) 120 20.0 ±4.90 22.1 ±7.11 88.7 ± 11.9 335.293 0.0000 
60 0.74 ±0.098 0.69 ±0.119 0.88 ± 0.109 7.524 0.0042 Calcium 
(µmol/l) 120 0.70 ±0.202 0.77 ± 0.250 0.97 ± 0.198 5.960 0.0103 
 
There was rapid decline of the urine volume in ostriches from the third 
group. Respectively, statistical analysis showed a highly significant influence of the 
different drinking regimes on studied parameters. It is logically that the most 
important way to keep the body water in the water-deprived ostriches will be the 
concentration of the urine. The remarkable potency of the ostrich kidney to 
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concentrate the urine was confirmed in the present study. It was observed that when 
the water is available ad libitum, the ostriches produce highly diluted urine like other 
animals of arid and semiarid landscapes. 
The dramatic changes in parameter values, measured at the third group, 
were not observed at the second one. Placing at ostriches’ disposal of drinking water 
in proportion 1:1 in relation to the granulated fodder is apparently sufficient to cover 
the needs of the organism. Along with that, we must take into consideration that 
when the drinking water was given to the ostriches ad libitum, unwarrantable large 
quantities of it were thrown about – what had a bad effect on sanitary condition. 
The comparison with the results of other authors is unsuitable because of the 
great differences of the experimental designs and the initial stage of the 
investigations about ostriches, as agricultural animals, in general. 
The obtained data enabled to ascertain the correlations between the levels of 
each of the studied parameters separately, at the ages of two and four months. The 
estimated values of the mentioned coefficients of correlation are presented in Table 
2. 
Table 2 
Coefficients of correlation of urine parameters in relation with the age of the animals 
(males – n = 5, females – n = 17) 
Parameters Sex Coefficient of correlation Significance level 
M 0.885 0.046 Volume F 0.876 0.000 
M 0.303 0.619 Osmolality 
F 0.366 0.149 
M 0.126 0.840 Urea F 0.151 0.563 
M 0.099 0.886 Uric acid F 0.129 0.622 
M 0.158 0.799 Creatinine F 0.225 0.386 
M 0.230 0.701 Sodium F 0.332 0.193 
M 0.198 0.752 Chloride 
F 0.329 0.197 
M 0.119 0.853 Potassium F 0.328 0.197 
M 0.261 0.672 Calcium 
F 0.243 0.348 
 
The high figure of the coefficient of correlation (in both sexes) for the 
volume of the urine was notable and unexpected; the possible explanation of this 
finding may be based on an assumption of higher heritability of the mentioned 
character. 
CONCLUSIONS 
 
In view of the fact that the micturation of ostriches is separate from the 
faeces, it attains particular significance as a criterion for both a state of health of the 
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animal, and conformity with the nature of used technologies. The main way to keep 
the body water in the water-deprived ostriches is the concentration of the urine. 
Kidney of the ostrich has notable capacity to concentrate the urine. Ostriches 
produce highly diluted urine if they have free access to water. 
 
REFERENCES 
 
1. Cloudsley-Thompson, J.L., El Rasid Musa Mohamed, 1967, Water economy of the 
ostrich, Nature, 216 (5119): 1040. 
2. Cramp, S., K.E.L.Simmons, I.J.Ferguson-Lees, R.Gillmor, P.A.D.Hollom, R.Hudson, 
E.M.Nicholson, M.A.Ogilvie, P.J.S.Olney, K.H.Voous, J.Wattel, 1986, The birds of the 
Western Palearctic, Volume I – Ostrich to Ducks, S.Cramp and K.E.L.Simmons (eds.), 
Oxford University Press, Oxford. 
3. Degen, A.A., M.Kam, A.Rosenstrauch, I.Plavnik, 1991, Growth rate, total body water 
volume, dry-matter intake and water consumption of domesticated ostriches (Struthio 
camelus), Animal Production, 52 (1): 225-232. 
4. Fänge, R., K.Schmidt-Nielsen, 1958, The salt gland of the herring gull, Biological 
bulletin, 115 (10): 162-171. 
5. Gray, D., C.Brown, 1995, Saline infusion induced increases in plasma osmolality do 
not stimulate nasal gland secretion in the ostrich (Struthio camelus), Physiological zoology, 
68 (1): 164-175. 
6. Hansets, E., 2001, De Ľœuf a ľautruchon Ľincubation des œufs ďautruche, Les 
presses agronomiques de Gembloux, A.S.B.L. 
7. Levy, A., B.Perelman, M.V.Grevenbroek, Clara V. Creveld, R.Agbaria, R.Yagil, 
1990, Effect of water restriction on renal function in ostriches (Struthio camelus), Avian 
Pathology, 19 (2): 385-393. 
8. Maina, J.N., 1996, Perspectives on the structure and function in birds, pages 163-217 
in: Deseases of cage and aviary birds, W.J.Rosskopf, Jr. and R.W.Woerpel, Williams & 
Wilkins, Baltimore, Maryland and Media, Pennsylvania. 
9. Mushi, E.Z., M.G.Binta, J.W.Isa, 2001, Biochemical composition of urine from 
farmed ostriches (Struthio camelus) in Botswana : short communication, Journal of the South 
African Veterinary Association, 72 (1): 46-8. 
10. Osterhoff, D.R., 1979, Ostrich farming in South Africa, World review of animal 
production, 15 (2): 19-30. 
11. Reiner, G., 1995, Besonderheiten der Strauβennutzung, Archiv für Geflügelkunde, 59 
(1): 94-98. 
12. Schmidt-Nielsen, K., 1964, Desert animals, Oxford University Press. 
13. Schütte, K.H., 1973, The composition of ostrich urine, South African Journal of 
Science, 69 (2): 56-57. 
14. Scott, M.L., M.C.Nesheim, R.J.Young, 1982, Nutrition of the chicken, M.L.Scott & 
Associates, Ithaca, New York. 
15. Van-Niekerk, A., 1996, Management of ostriches for egg production, Agricola 8 (8): 
33-35. 
16. Williams, J.B., W.R.Siegfreid, S.J.Milton, N.J.Adams, W.R.J.Dean, M.A. du Plessis, 
S.Jackson, K.A.Nagy, 1993, Field metabolism, water requirements, and foraging behavior of 
wild ostriches in the Namib, Ecology, 74 (2): 390-404. 
17. Withers, P., 1983, Energy, water, and solute balance of the ostrich (Struthio camelus), 
Physiological zoology, 56 (4): 530. 
